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 Abstract 
Approximately 30% of the whole SADC region is exposed to a variety of climate hazards and their 
combinations. High growing season temperatures are the most prevalent (10% of area). The 
occurrence of multiple hazards simultaneously in ~9% of the hazards affected area underscores the 
complexity of climate risks that agricultural producers are projected to experience as a result of 
climate change. In absolute terms, the greatest exposure to climate hazards is found in the maize 
mixed farming system (114 million ha), followed by agro-pastoral areas (61 million ha). In these two 
systems alone, approximately 44 million rural people, and 18 billion USD in production value per 
year are exposed to climate hazards. Growing season reductions, high temperatures, and drought 
account for most of the value and people exposed to hazards in these systems. 
Without adaptation, by 2050 (RCP 8.5) ca. 35% of the currently suitable cropping area is projected to 
reduce its climatic suitability. Maize mixed (88 million ha projected to become less suitable) and 
agro-pastoral (48 million ha) systems show the greatest negative impacts. In these systems, bean, 
wheat, sorghum, and maize are all projected to reduce their climatic suitability significantly.  
With an estimated 41.2 million people at risk of food insecurity and a substantial (~17%) 
contribution of agriculture to regional GDP at present, climate change is likely to have substantial 
effects on both national economies and food insecurity.  
Decreased suitable land for cropping and reduced crop and livestock production would exacerbate 
water scarcity and insecurity, and decrease national self-sufficiency ratios, and impact food 
availability locally, with devastating effects on food insecurity in the region. Water, energy and food 
are inextricably linked across multiple scales in SADC and are heavily interdependent. Therefore, 
actions to address climate change need to be regionwide. Furthermore, addressing existing and 
emerging water-energy-food issues requires understanding and shaping ongoing food systems 
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Overview of the approach 
In the present analysis, we aim at understanding climate hazards and their impacts on agricultural 
systems for the SADC region. The analysis included all Low and Middle Income Countries of the SADC 
region, namely, Angola, Namibia, Republic of Congo, Democratic Republic of the Congo, Tanzania, 
Zambia, Zimbabwe, Malawi, Lesotho, eSwatini, Mozambique, and Madagascar. The analysis 
addresses three key questions: 
1. What is the geographic distribution of climate hazards in the region? 
2. What climate hazards are most prevalent in the farming systems of the region? 
3. What are the projected changes in crop suitability by 2050 that result from climate change? 
 
The present document provides a synthesis of the results obtained, structured in three sections (one 
for each question). A final section (Section 4) puts the results into the broader context of food 
security and natural resources in the region. A summary of methods and data employed is provided 
in Appendix 1. 
 
Section 1: Geographic distribution of climate hazards 
 
A total of five different climate hazards were mapped out for the 2050 period under a business-as-
usual emissions trajectory (Representative Concentrations Pathway1, RCP 8.5) (Figure 1). These 
hazards included drought, flood, climate variability, growing season reductions, and high growing 
season temperatures. All these hazards can occur alone or in combination in the same geographic 
area, either at the same time or at different times during the cropping season. Our analysis suggests 
that approximately 30% of the physical area of the SADC region is projected to be exposed to climate 
hazards. 
 
Across the entire region, the most important climate hazard is heat stress, represented by high 
growing season temperatures. High growing season temperatures affect approximately 11% of the 
SADC region. Heat stress has been highlighted in several studies as an important hazard in Southern 
Africa. Heat stress can lower the productivity of crops such as wheat (Pequeno et al., 2021) and 
maize (Gourdji et al., 2013), and also of livestock (Nyoni et al., 2019; Godde et al., 2021), while also 
affecting human labor and health (de Lima et al., 2021; Sun et al., 2019; Gasparrini et al., 2017), and 
also increase the risk of natural fires (Sun et al., 2019).  
 
 
1 Representative Concentrations Pathways (RCPs) are scenarios that include time series of emissons and concentrations of 






Figure 1 Geographic distribution of climate hazards in the SADC region (a) and proportion of physical area in 
the region under each climate hazard or hazard combination. All hazards are calculated for the period 2050 
under RCP 8.5. GS: growing season. Note that in most areas of ‘other combinations’ this category includes 
drought and high growing season temperatures. 
 
The second most prevalent hazard category idenfitied for the SADC region encompasses several 
combinations of the various individual hazards explored. In some cases, four or more of the hazards 




cases include high temperature and drought, together with growing season reductions and high 
climate variability. The high share of these hazard combinations underscores the complexity of 
hazards and risks that agricultural producers are projected to experience as a result of climate 
change. Growing season reductions, drought, and climate variability together account for 7.7% of 
the area in the region, whereas the combination of high variability and heat stress accounts for 
another 3% of the area. According to our analysis, the least important hazard in the region is 
flooding. 
 
Section 2: Occurrence of climate hazards within and across 
farming systems  
 
Hazard occurrence varies significantly across the geography of the SADC region, which implies 
differences in hazard exposure for the variety of farming systems that sustain Southern African 
livelihoods. We analyze the twelve farming systems that exist in SADC, as reported by Garrity et al. 
(2012). Figure 2 shows the absolute and proportional amounts of physical area for the farming 
systems of the SADC region projected to be exposed to climate hazards. In absolute terms, the 
greatest exposure to climate hazards is likely to be in the maize mixed farming system (114 million 
ha), followed by agro-pastoral areas (61 million ha), and the pastoral system (31 million ha). In the 
maize and the agro-pastoral farming systems, in relative terms, around 40 out of every 100 hectares 
are exposed to climate hazards. The pastoral system, however, shows greater exposure with up to 
60% of its area exposed to hazards, only below perennial mixed systems (ca. 81% area exposed to 
hazards). Forest-based systems, on the other hand, have the smallest share of area as well as a small 
amount of absolute area (360 thousand hectares) exposed to climate hazards. Irrigated systems 
show the smallest absolute physical area exposed to hazards, although proportionally hazards cover 
ca. 30% of this farming system. The total share of regional area under these two latter systems, 
however, is very small (12% for forest-based, and less than 1% for irrigated). 
 
Variations in the distribution of climate hazards within the SADC region and its farming systems also 
mean that the amounts of rural population and agricultural production value vary significantly across 
the different systems (Figure 3). Generally, as with the physical area, the farming systems with the 
greatest rural population and agricultural production value exposed to climate hazards are the maize 
mixed and the agro-pastoral systems. In these two systems alone, approximately 44 million rural 
people, and 18 billion USD in production value per year are likely exposed to climate hazards. The 
third most affected system in terms of rural population is the root and tuber mixed system (4.6 
billion people), whereas in terms of production value it is the highland mixed (1.8 billion USD per 
year). Growing season reductions, high temperatures, and drought account for most of the value 








Figure 2 Absolute (a) and proportional (b) physical area affected by climate hazards in the farming systems of 




Figure 3 Exposure of rural population (a), total crop and livestock production value (b), total crop value (c), and 
total livestock value (d) to climate hazard for all farming systems in the SADC region by 2050 (RCP 8.5). Note 
that the value of crop production is based on the 42 crops and crop categories of the MapSPAM 2017 dataset 









Section 3: Projected impacts on crop suitability 
 
Section 2 provided a general outlook of the future projected geographic distribution of a variety of 
climate hazards with significant impacts on agricultural production and livelihoods. This section 
explores the possible impacts of climate change on agricultural crop suitability using a niche-based 
model approach (Ramirez-Villegas et al., 2013; see Appendix 1 for Methods). Our analysis suggests 
that, without adaptation, by 2050 (RCP 8.5) ca. 35% of the currently suitable area for cropping is 
projected to reduce its climatic suitability. Consistent with the hazard exposure analysis of Section 
2, and with previous literature (Zabel et al., 2014; Rippke et al., 2016; Ramirez-Villegas and 
Thornton, 2015), the analysis shows that maize mixed (88 million ha projected to become less 
suitable) and agro-pastoral (48 million ha) systems are the ones with the greatest reductions in 
suitable cropping area. In these areas, bean, wheat, sorghum, and maize are all projected to reduce 
their climatic suitability significantly. Wheat and beans, in particular, are very hard hit, with virtually 
all of their currently suitable areas projected to become less climatically suitable. Suitability is also 
projected to reduce in forest-based systems, with some 5 million ha projected to become less 
suitable for cropping for crops such as banana, plantain and cocoa. 
 
 
Figure 4 Projected reductions in absolute (a) and relative (b) suitable area for crops across all rainfed farming 
systems in the SADC region by 2050 (RCP 8.5). In panel (b) the color scale is used to show the share of area for 
each farming in the SADC region. 
 
 
Section 4: Climate change, food security and natural 
resources in Southern Africa 
 
Southern Africa epitomizes the link between climate and the water–energy–food nexus, as multiple 
challenges collide across a very diverse socioeconomic spectrum of countries (Mabhaudhi et al., 




comprise SADC; six are defined as low income, three as lower-middle income and four as upper-
middle income. Agriculture’s contribution to regional Gross Domestic Product (GDP) is 17% for the 
whole SADC region, and up to 28%  for the low income countries. At the same time, ca. 75% of the 
land in SADC is either arid or semi arid, and agriculture is estimated to consume 70% of the 
renewable water resources of the region (Nhemachena et al., 2020). According to several studies 
and to the Intergovernmental Panel on Climate Change (IPCC), major water scarcity issues are 
expected in the SADC as a result of ongoing explotation and degradation, coupled with increased 
demand and climate change (Nhemachena et al., 2020; IPCC, 2014, 2019). With 27 million food 
insecure people, the 2015/16 El Niño-induced drought provides an example of how increased water 
demand for agriculture can aggravate water, energy, and food insecurity (Nhemachena et al., 2020; 
SADC, 2016). As evident from the impact of climate hazards within and amongst farming systems 
presented here, unless adaptation actions are implemented at scale, climate variability and climate 
change are projected to affect agriculture in many of these regions, likely resulting in effects on food 
and water insecurity, incomes and the national and regional economies. 
 
The nexus between the agricultural and water resources sectors exists in large part due to the high 
spatial interdependence of many of the countries (Conway et al., 2015; Moseki et al., 2021). For 
instance, multiple river basins and aquifers span regional and national boundaries (e.g. Komati Basin 
and Lesotho highlands Development Project), thereby exacerbating the resource vulnerability and 
management of the region (Moseki et al., 2021; Manful et al., 2021). This requires international 
water and sanitation agreements as well as the integration of climate variability into water 
framework policies (Moseki et al., 2021). These measures are even more pertinent since the 
majority of the population are concentrated in these key areas and this number is expected to 
double by 2050 (Conway et al., 2015).  
 
On the production side, smallholders are the backbone of regional food supply, generating 90% of 
total agricultural output. However, as shown here, 30% of this is likely at risk from climate 
hazards. On the consumption side, smallholder farmers largely rely on their own agricultural activity 
for survival, as their farms generate the principal income and/or food source for consumption (Frelat 
et al., 2016). However, there are strong contrasts across the SADC region. For instance, the cereal 
import dependency ratio indicates the importance of imports for the volume of grains available for 
consumption in a country (that is, imports divided by production + imports − exports). It is 
particularly high for the small countries of Swaziland (79%) and Lesotho (85%), and more strikingly 
so for larger nations such as Botswana (90%) and Namibia (65%). Dependency ratios are lowest in 
Zambia (5%) and Malawi (6%) (Conway et al., 2015). Therefore, focusing on agricultural production 
and closing yield gaps to increase food security may not be as effective as improving market access 
as well as trade connectivity and link strengths (Frelat et al., 2016). This is especially the case 
considering the virtual water transfer or embedded water resources that occurs with trade of 





As shown here, climate change is expected to impact agricultural production in SADC in multiple 
ways. Foremost, approximately 30% of the region is critically exposed to a variety of climate 
hazards. Our analysis also demonstrates that climate change is projected to reduce the amount of 
suitable land for cropping especially for key farming systems which sustain the vast majority of the 
SADC rural livelihoods. Furthermore, previous studies suggest that, without adaptation, crop 
productivity is also projected to decrease, especially for cereals (Nellemann et al., 2009; Wheeler 
and von Brawn, 2013; Pequeno et al., 2021). Negative impacts from climate change are also 
expected for livestock production systems, mediated through reduced pasture productivity, and 
direct heat stress effects on animals (Thornton and Herrero, 2015; Godde et al., 2020, 2021; Ekine-
Dzivenu et al., 2020). Decreased suitable land for cropping and reduced crop and livestock 
productivity would exacerbate water scarcity and insecurity, and decrease national self-sufficiency 
ratios, and impact food availability locally, with devastating effects on food insecurity in the region 
(Wheeler and von Brawn, 2013; IPCC, 2014, 2019). Water, energy and food are thus inextricably 
linked across multiple scales in SADC and are heavily interdependent. Therefore, actions to address 
climate change need to be regionwide. Furthermore, addressing existing and emerging water-
energy-food issues requires understanding and shaping ongoing food systems transformations in the 
region (Tschirley et al., 2014; Reardon et al., 2019). These transformations include growth in per 
capita incomes that increase purchasing power, changes in consumption patterns (dietary 
transformation), rapid changes in post-farm systems, and the regulatory aspects of food systems, 
rising rural factor markets for agricultural services, and changes in agricultural technologies and in 
























Appendix 1 – Methods 
 
We assemble various geospatial datasets to analyze climate hazards and climate impacts in the SADC 
region. The climate hazards map was gathered Jarvis et al. (2021), who assembled it by combining 
various historical and future downscaled datasets of individual hazards into a single geospatial 
database. Downscaled climate projections from 17 CMIP5 global climate models were produced 
using the methods in Jones and Thornton (2009; 2013; 2015) and climatologies for the 2050s as 
projected in response to RCP 8.5. High climate variability areas are those with coefficient of variation 
of annual rainfall above the median value for the global tropics (24%). For relative flood risk, grid 
cells in the top two deciles (most risky) of the data set of Dilley et al. (2005) were defined as high-risk 
flooding areas. For relative drought risk, grid cells in the top two deciles (most risky) of the data set 
of Dilley et al. (2005) were defined as high-risk drought areas. Growing season reductions are 
defined as areas in which in the number of reliable crop growing days per year below 90, a critical 
threshold (Nachtergaele et al., 2002). Areas with high growing season temperatures are those in 
which the average maximum daily temperature during the primary growing season moves above 30 
⁰C by the 2050s, a critical threshold for several major crops (Boote et al., 1998; Prasad et al., 2008). 
 
The rural population dataset was assembled using data from the WorldPop global database 
(https://www.worldpop.org) and removing all urban areas. Crop value of production data were 
gathered from MapSPAM v2017 (IFPRI, 2017) for 42 individual crops, and aggregated to produce a 
total value of crop production dataset (in international USD per year). The value of livestock 
production data were gathered from Thornton and Herrero (2010), who derived it using a 
combination of FAOSTAT data and livestock modelling methods. For the farming systems of Africa, 
we use the dataset of Garrity et al. (2012). 
 
Crop suitability simulations for a total of 36 crops of importance to the farming systems of the SADC 
region were performed using the EcoCrop suitability model (Ramirez-Villegas et al., 2013). Suitability 
simulations were performed for the historical climate using the WorldClim version 2 database (Fick 
and Hijmans, 2017) and for the future (2050, RCP 8.5) using the high-resolution bias-corrected CCAFS 
climate database (Navarro-Racines et al., 2020). We gathered crop ecological parameters to drive 
the EcoCrop model from existing studies where possible (e.g., Rippke et al., 2016; Ramirez-Villegas et 
al., 2013; Schafleitner et al., 2011), and from the FAO-Ecocrop database (FAO, 2000 –available in the 
package `dismo` of the software R) if otherwise. Model runs were performed for historical and 
future scenarios (using the ensemble mean of 33 GCMs available in CCAFS climate). Using the 
suitability output we computed the percentage of currently suitable area that is projected to reduce 
its climatic suitability per farming system. To ensure estimates of changes in area suitable area per 
farming system were adequate, we matched crops to their relevant farming systems. All exposure 
and suitability analyses were performed using the R Software for Statistical computing, packages 
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